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PREFACE 



The work presented in thi3 paper was accomplished during an 
eleven week industrial tour with the Engineering Physics and Analysis 
Laboratory of the General Electric Company, Schenectady, New York. 

The General Electric Company is one of many industrial concerns 
which has recognized the value of the neutron radioactivation method 
of analysis and i3 striving to broaden the applications of the method. 
Cognizant of the desirability of an extremely sensitive and accurate 
analytical technique, the Engineering Physics and Analysis Laboratory 
decided to embark upon a project of development of a drift free 
gamma ray spectrometer. 

It is the aim of the writer to present in this paper the general 
methods of neutron radioactivation analysis, one system of instrumen- 
tation used in activation analysis, and the development of the desired 
drift free gamma ray spectrometer from that system. 

The writer wishes to expre33 his gratitude to the staff of the 
Engineering Physics and Analysis Laboratory for making available the 
equipment and the time necessary for the completion of the project 
and for their advice and assistance during the project. 
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(Listed in order of their appearance in the text) 
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neutron, a neutral elemental particle of 
mass number one 


If. of 0 


gamma ray, a quantum of electromagnetic 
radiation emitted by a nucleus, each such 
photon being emitted a3 the result of a 
quantum transition between two energy levels 
of the nucleus. Zero charge and zero mass 


X 


nucleus of bombarded atom in general reaction 
equations 
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atomic mass number, the mass of a neutral 
atom of a nuclide, usually expressed in terms 
of the atomic mass unit which is l/l6th the 
mass of a neutral atom of the most abundant 
isotope of oxygen, (T -0 . Also used to denote 
activity 
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atomic number; the positive charge of the 
nucleus in multiples of the electronic charge, 
e, also the number of protons in the nucleus 
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disintegration energy, the energy evolved, or 
the negative of the energy absorbed, in a 
nuclear disintegration 


1P 1 


proton, an elemental particle of mass number 
one and one associated positive charge 
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alpha particle, a positively charged particle, 
of mass number four and positive charge two, 
composed of two protons and two neutrons, 
identical in all measured properties with the 
nucleus of a helium atom 
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nucleus of isotopic product of a nuclear 
reaction, in general equations 


0 , r, 


beta ray or beta particle, £ - , a negative 
electron or, £"**, a positive electron emitted 
from a nucleus during decay 


ev 


electron volt, unit of energy, equal to energy 
gained by a particle having one electronic charge 
when it passes in a vacuum through a potential 
difference of one volt. One ev « 1.6 x 10 _i ^ergs 
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million electron volts, one Mev * 10 ev 

cross section, a measure of the probability of 
occurrence of a given reaction, the effective 
area of the nucleus for the reaction expressed 
in barns, where one barn = 10“ 2 ^ square centimeters 

number of radioactive nuclei present in sample 
at time of consideration 

time, measured after start of irradiation for 
activating elements in sample, t s Oat 
start of irradiation 

neutron flux, for irradiation, measured in 
neutrons/square centimeter second 

number of parent nuclei present in sample at 
time of consideration 

radioactive decay constant, the probability 
per unit time that a given unstable particle 
or system, such as a radioactive atom, will 
undergo spontaneous transformation 

half life, the time required for the decay of 
one- half the atoms of a sample of a radioactive 
substance 

natural logarithm operator, the natural logarithm 
of a number is the index of the power to which 
the base e must be raised in order to equal the 
number 

constant of integration 

na pierian base, e = 2.7182818 

time, measured after removal of activated sample 
from flux, f: Oat instant of removal from flux 

number of radioactive nuclei present at the end 
of irradiation 

activity of radioisotope anytime during irradiation 
process, measured in disintegrations/unit time 

activity of radioisotope at the end of the 
irradiation process 

activity of radioisotope anytime after irradiation 
has ceased 
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incremental distance in direction of x axis 
within a crystal 

incremental change of beam intensity, as beam 
travels a distance dx in the crystal 

intensity of gamma ray beam at any depth x in 
crystal 

intensity of beam incident upon surface of crystal 

linear absorption coefficient, fractional decrease 
in intensity of gamma ray beam per unit distance 
traversed in crystal 

Angstrom unit, a unit of length, lj? = 10 - ^ meters 

energy of a gamma ray, the particular quantum 
of electromagnetic energy in electron volts 

frequency of the electromagnetic radiation, units 
are per second 

Planck*s constant, h = 6.624 x 10 - -^ joule-seconds 
symbol for mass 

velocity og light in a vacuum, 
c = 3 x 10 meters/second 

-12 

micromicrofarad, 10 farad3, when one farad 
is that capacitance which main tains an electrical 
potential difference of one volt between two 
conductors charged with equal and opposite 
electrical quantities of one coulomb 

decibel, the difference in two intensities 1^ and 
I 2 respectively expressed in decibels is where 

^ = lo «10 if- 



one thousand 

current component due to thermionic emission, 
measured in amperes 

gain of the multiplier phototube 

constant of proportionality 

number of dynode stages in multiplier phototube 



secondary emission ratio, ratio of number of 
secondary electrons emitted from a dynode 
surface to number of primary electrons striking 
dynode surface 

interstage voltage, potential difference between 
two consecutive dynode stages 

another constant of proportionality 

overall voltage, potential difference between 
first and last dynode stages 



CHAPTER I 



INTRODUCTION 



The past century has seen the development of many methods for 
analyzing the composition of materials. One of these methods, 
possessing a number of desirable characteristics is neutron radio- 
activation analysis. The discovery of artificial radioactivity in 



system utilizes the fact that most elements, when placed in a neutron 
flux, form radioactive products which have their own individual 
radiation spectrum and decay characteristics. These characteristics 
act, in a way, like finger prints, and can be used to identify the 
parent element. The first application of the method to a complicated 
analytical problem was by Hevesy and Levi in 1936 [8] , when they detected 
the presence of small amounts of rare earths present in a specimen. 

The method of activation analysis was hampered during its early 
stages, by the unavailability of satisfactory sources of neutron flux 
for irradiating samples. The coming of the nuclear reactor, with its 
intense neutron flux, gave real impetus to the method. 

Once activated, an element can be detected by numerous methods 
varying in sensitivity. These include photographic emulsions, 
ionization chambers such as Geiger Mueller counters and proportional 
counters and scintillation counters such as the gamma ray spectrometer. 
The method of detection utilized depends largely upon the purpose 
which dictates the analysis. For the detection of radioactivity. 




ground work for this new system of analysis. The 



photographic emulsions can be used. However, if quantitative measure- 
ments are desired, carefully controlled conditions are required when 
using photographic emulsions. Even then the ionizing effects of the 
radiation must be determined by the degree of blackening of a photo- 
graphic plate, giving questionable results at best. Gamma ray 
scintillation spectroscopy, on the other hand, can be used to detect 
trace elements of the order of 10~f? grams under ideal conditions. 

This characteristic of extreme sensitivity, coupled with the increasing 
availability of neutron flux sources for research work has led to a 
wide spread acceptance of gamma ray spectroscopy as a valuable analytical 
tool. 

The electronic circuitry U3ed in the gamma ray spectrometer is 
another variable depending largely upon the type of measurements 
desired. For instance, if the problem is to detect the presence of 
one specified impurity in a given bulk material, the circuitry and the 
whole procedure is much simpler than if the problem i3 to tell what 
unknown impurities are present in a sample and in what amounts. 

For the present project it was desired to set up a system of 

* 

instrumentation, U3ing for the most part commercially available 
component units which could be used to demoristrate the feasibility of 
analyzing biological specimens, especially human tissue and body fluids. 
Because of the numerous trace elements present in such specimens and 
the proximity of their many energy peaks in the gamma ray spectrum, 
it was desired to develope a relatively drift free gamma ray spectro- 
meter. With such a spectrometer one could be sure that an observed 
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gamma ray energy peak was truly the peak associated with the detected 
energy level and not an adjacent peak which had drifted to a wrong 
position on the chart. 

The project will be presented in three phases in this paper: 

a) the general methodology of neutron activation analysis, 

b) a description of the instrumentation employed for gamma 
ray spectroscopy and 

c) the development of the desired drift free gamma ray 
spectrometer. 
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CHAPTER II 



METHOD OF NEUTRON ACTIVATION ANALYSIS FOR GAMMA RAY SPECTROSCOPY 

The general method of neutron activation analysis will be covered 
to furnish a knowledge of the type of signal being measured by the 
spectrometer and how that signal is obtained. 

A nucleus is a combination of neutrons and protons. There is a 
certain probability that this combination of neutrons and protons may 
transform into another combination. If this probability is great, the 
nucleus is said to be unstable or radioactive. A radioactive nucleus 
will decay to form a new nucleus combination which may also be unstable. 
Finally a state will be reached which is stable and the activity will 
have ceased. 

A flux of nuclear particles falling on a nucleus of an atom may 
cause that nucleus in some way to change and become unstable. The 
nuclear particle flux used in activation may be derived from one of 
the following sources : 



protons, alpha particles, neutrons). 

For the most part, analysts choose the neutron as the nuclear particle 
with which to bombard the nucleus. 



(a) Nuclear reactor (neutrons), 

(b) Cyclotron (protons, deutrons, alpha particles, neutrons), 

(c) Betatron (gamma rays, neutrons), 

(d) Linear accelerator (protons, neutrons, deuterons) 

(e) Particle accelerators of the Van de Graff type (electrons, 
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